Efficacy of statin-based therapies in reducing cardiovascular mortality in individuals with CKD seems to diminish as eGFR declines. The strongest evidence supporting the cardiovascular benefit of statins in individuals with CKD was shown with ezetimibe plus simvastatin versus placebo. However, whether combination therapy or statin alone resulted in cardiovascular benefit is uncertain. Therefore, we estimated GFR in 18,015 individuals from the IMPROVE-IT (ezetimibe plus simvastatin versus simvastatin alone in individuals with cardiovascular disease and creatinine clearance .30 ml/min) and examined post hoc the relationship of eGFR with end points across treatment arms. For the primary end point of cardiovascular death, major coronary event, or nonfatal stroke, the relative risk reduction of combination therapy compared with monotherapy differed by eGFR (P=0.04). The difference in treatment effect was observed at eGFR#75 ml/min per 1. 
Individuals with CKD are at increased risk for death from cardiovascular disease. 1 Kidney function, as measured by eGFR, is an independent and strong predictor of this risk. [1] [2] [3] In many populations, hepatic hydroxymethyl glutaryl-CoA reductase inhibitors (statins) are important therapies for both primary and secondary cardiovascular risk mitigation; however, for individuals with reduced eGFR, the optimal lipid-lowering therapies for reducing cardiovascular risk remain unclear. [4] [5] [6] [7] [8] [9] [10] [11] [12] A meta-analysis of 14 statin trials assessing the effects of LDL cholesterol reduction in individuals with impaired kidney function found that the risk of first major cardiovascular event was reduced proportional to the reduction in LDL cholesterol, with a trend toward decreased relative benefits as eGFR declined. 13 Among individuals with CKD, the strongest single trial supporting cardiovascular risk-lowering benefit for statin therapies was shown with ezetimibe plus simvastatin compared with placebo in the Study of Heart and Renal Protection (SHARP). 14 Largely on the basis of findings from this study, current guidelines recommend the use of statin monotherapy or ezetimibe plus statin for nearly all individuals $50 years old with reduced eGFR (,60 ml/min per 1.73 m 2 ). 15, 16 However, in the setting of nondialysisdependent CKD, whether the use of combination lipid-lowering therapy (ezetimibe plus statin) confers additional cardiovascular benefit beyond the use of a statin alone is unknown.
The Improved Reduction of Outcomes: Vytorin Efficacy International Trial (IMPROVE-IT) was a multicountry, doubleblind, randomized, controlled study evaluating the effect of ezetimibe combined with simvastatin compared with simvastatin alone in individuals with known cardiovascular disease and baseline LDL cholesterol values ,125 mg/dl. 17 The trial showed an additional benefit of combination lipid-lowering therapy in preventing cardiovascular outcomes. We hypothesized that the treatment effect would vary by level of kidney function as estimated by eGFR, such that the additional cardiovascular benefit of combination therapy would be greater at reduced levels of eGFR.
RESULTS

Baseline Characteristics
We were able to assess eGFR at the time of the qualifying event for 18,015 (99.3%) of 18,144 individuals enrolled in IMPROVE-IT (Supplemental Figure 1) , including 9011 who received simvastatin monotherapy and 9004 who received combination therapy with ezetimibe plus simvastatin. A total of 3761 individuals had an eGFR,60 ml/min per 1.73 m 2 at baseline, of whom 1018 had an eGFR,45 ml/min per 1.73 m 2 . Despite the exclusion criterion of creatinine clearance (CrCl) ,30 ml/min, 126 individuals had an eGFR,30 ml/min per 1.73 m 2 , which was likely due to the difference in assessing kidney function by eGFR rather than CrCl.
Individuals with eGFR,60 ml/min per 1.73 m 2 were older, were more frequently women, were less frequently current smokers, and had more comorbidities, including diabetes, hypertension, and prior cardiovascular events or interventions (Table 1) . In both treatment arms, individuals with reduced eGFR had a shorter median time of overall and on-treatment follow-up compared with those with higher levels of eGFR. The cumulative incidence of study dropout over the 7-year study period was similar by level of eGFR and treatment arm (Supplemental Figure 2 , Supplemental Table 1 ).
Lipid Data
Within each eGFR category, individuals in the combination therapy arm experienced a greater mean change in LDL cholesterol (P=0.01), triglycerides (P,0.001), and HDL cholesterol (P=0.03) compared with individuals in the monotherapy arm at 1 year of follow-up (Table 2 ). However, within each treatment arm, individuals experienced similar changes in mean LDL cholesterol, HDL cholesterol, and triglycerides across all levels of eGFR (P.0.05 for all).
Relationship between eGFR, Treatment Efficacy, and the Primary End Point Within each treatment arm, the incidence of the primary composite end point was greater at lower eGFR levels, but at eGFR,90 ml/min per 1.73 m 2 , individuals in the combination therapy arm experienced comparatively fewer event rates across all of the prespecified eGFR categories ( Figure 1 , Table  3 ). We observed similar trends among the secondary and tertiary study outcomes, including all-cause mortality, major coronary event, or nonfatal stroke; death from cardiovascular disease, nonfatal myocardial infarction (MI), or nonfatal stroke; and all-cause mortality (Supplemental Table 2 ).
The absolute benefit seemed greatest (number needed to treat [NNT] =12; 95% confidence interval [95% CI], 6 to 105) among individuals with the most substantial reductions in eGFR (,45 ml/min per 1.73 m 2 ). In both unadjusted and adjusted Cox proportional hazards models, we observed a difference in the effect of treatment on the occurrence of the primary end point across levels of kidney function ( Figure  2 ). In the adjusted model, the difference in treatment was statistically significant (overall interaction P=0.04) and appeared as the baseline eGFR declined to #75 ml/min per 1.73 m 2 ( Table 4 ). The difference in treatment was most pronounced at eGFR levels #60 ml/min per 1.73 m 2 . At an eGFR of 60 ml/min per 1.73 m 2 , individuals in the combination therapy arm compared with individuals in the monotherapy arm had a 12% relative risk reduction (hazard ratio [HR], 0.88; 95% CI, 0.82 to 0.95) for the primary composite end point; at a baseline eGFR of 45 ml/min per 1.73 m 2 , they had a 13% relative risk reduction (HR, 0.87; 95% CI, 0.78 to 0.98) for the primary composite end point.
Relationship between eGFR, Treatment Efficacy, and the Secondary and Tertiary End Points We observed no significant overall difference in the effect of treatment across levels of eGFR with respect to the secondary and tertiary composite end points (overall interaction P.0.05 for all) ( Table 4 ). In those with reduced eGFR (#60 ml/min per 1.73 m 2 ), there was a nonsignificant risk reduction from Ez/S, n=486
Ez/S, n=1384
Ez/S, n=4824
Ez/S, n=2310 (1) all-cause mortality, major coronary events, or nonfatal stroke; and (2) death from cardiovascular disease, nonfatal MI, or nonfatal stroke (Supplemental Figure 3 ).
Safety
We observed few adverse events in either treatment arm across all levels of eGFR (Table 5 ). There was a trend toward increasing rates of adverse events in both treatment arms at lower eGFR levels, but individuals with the most severe reductions in eGFR (,45 ml/min per 1.73 m 2 ) who were randomized to combination therapy experienced comparatively fewer adverse events, including gallbladder-related events (combination therapy, n=20 Cox proportional hazards models, we did not observe a significant difference in the effect of treatment on the occurrence of adverse safety events of special interest (gallbladder-related events, AST or ALT elevations greater than or equal to three times the upper limit of normal, or severe muscle-related events) across levels of kidney function (P.0.30 for all adjusted and unadjusted) (Supplemental Table 3 ). With respect to kidney function, we observed no significant difference (P=0.20) in the effect of treatment on change in mean eGFR over the 7-year follow-up period (Supplemental Figure 4 , Supplemental Table 4 ).
DISCUSSION
In this post hoc analysis of the IMPROVE-IT, compared with simvastatin monotherapy, ezetimibe plus simvastatin was associated with a statistically significant cardiovascular relative risk reduction in individuals with moderately reduced kidney function. With respect to the primary composite end pointdeath from cardiovascular disease, a major coronary event, or nonfatal stroke-the treatment effect varied with baseline eGFR and was most pronounced among those with more marked reductions in eGFR (#60 ml/min per 1.73 m 2 ). At an eGFR of 75 ml/min per 1.73 m 2 , individuals in the combination treatment arm had a 9% relative risk reduction for the primary composite end point, but at eGFR levels of 60 and 45 ml/min per 1.73 m 2 , they experienced 12% and 13% risk reductions for the primary composite end point, respectively.
At the lowest eGFR levels (,45 ml/min per 1.73 m 2 ), the absolute cardiovascular treatment benefit that we observed (NNT=12) was similar to other secondary prevention therapies in comparable increased risk populations. The Treating to New Targets Study, a subanalysis of individuals with known coronary heart disease and CKD, reported that, with respect to major cardiovascular events, treatment with atorvastatin 80 mg yielded an NNT of 24 over 5 years. 8 In the Perindopril Protection against Recurrent Stroke Study, among individuals with known cerebrovascular disease and CKD, perindoprilbased BP therapy yielded an NNT of 11 over 5 years with respect to major vascular events 18 ; similarly, a study of individuals post-MI with heart failure and CKD from the Survival and Ventricular Enlargement study reported that treatment with captopril yielded an NNT of 9 over 3.5 years with respect to major cardiovascular events. 19 After a series of trials that included large portions of individuals receiving dialysis, the benefit of statin-based therapies as eGFR declines (particularly to the point of requiring RRT) was uncertain. 4, 10 More recent work from the Cholesterol Treatment Trialists' Collaboration found a 21% relative risk reduction per each millimole per liter reduction in LDL cholesterol in a broad group of individuals defined as having CKD, but researchers also found that, despite an absolute benefit, the relative benefit of statin therapy seemed to decrease as eGFR declined. 12 The SHARP trial showed that, compared with placebo, combination therapy with ezetimibe plus simvastatin was associated with primary cardiovascular risk reduction (major atherosclerotic events) for individuals with CKD, including those with severe reductions in eGFR. 14 However, to what extent this observed benefit was due to the addition of ezetimibe, a cholesterol absorption inhibitor, is unknown. Despite important differences in the study populations-such as exclusion of individuals with CrCl,30 ml/min, higher doses of simvastatin, and a population with known coronary artery disease-our data support the efficacy of ezetimibe added to statin for further cardiovascular benefit in stabilized individuals with previous acute coronary syndrome (ACS) and moderately reduced eGFR.
Individuals with CKD have several risk factors for the development of cardiovascular disease, including malnutrition, chronic inflammation, increased oxidative stress, and vascular and endothelial dysfunction related to uremia and calcium and phosphorus dysregulation. [20] [21] [22] Importantly, they also experience significant dyshomeostasis in lipid metabolism, leading to potentially modifiable atherosclerotic risks, including poor clearance of circulating triglycerides and lipoproteins, reduced lipoprotein lipase activity, increased oxidation of LDL cholesterol, and possibly, increased relative cholesterol absorption. [23] [24] [25] [26] In the IMPROVE-IT, compared with simvastatin monotherapy, individuals randomized to combination therapy with ezetimibe plus simvastatin experienced a greater mean reduction in both LDL cholesterol and triglycerides across all levels of eGFR. Because individuals with CKD are an inherently higher-risk group, achieving the same absolute level of reduction in LDL cholesterol through both inhibition of cholesterol synthesis and cholesterol absorption may be more effective in risk mitigation; however, considering the numerous mechanisms by which CKD leads to increased cardiovascular risk, the relative benefit that we observed from combination therapy as eGFR declined could also suggest that ezetimibe add-on therapy conferred pleiotropic effects beyond LDL cholesterol or triglyceride reduction alone. Statin therapies have been shown to modify vascular stiffness, inflammatory markers, oxidative stress, and endothelial function in individuals with CKD; however, the role of add-on therapy aimed at inhibiting intestinal cholesterol absorption in further altering such parameters in CKD populations and whether such changes correspond to additional reductions in cardiovascular events need further exploration. [27] [28] [29] [30] Adjusted for age, sex, race, weight, family history of coronary artery disease, diabetes, hypertension, smoking status, history of angina, prior MI, prior percutaneous coronary intervention, prior coronary artery bypass graft, history of peripheral artery disease, prior stroke, prior congestive heart failure, percutaneous coronary intervention or catheterization at qualifying event, prior atrial fibrillation, baseline Killip class, systolic BP, heart rate, baseline medications (b-blockers, angiotensinconverting enzyme inhibitors or angiotensin receptor blockers, aspirin, or statin therapy), geographic region, qualifying event diagnosis, electrocardiogram changes (transient ST elevation, ST depression, or T-wave changes), hemoglobin at randomization, and baseline LDL, HDL, and triglycerides at time of qualifying event.
We note a few limitations of our study. In the prespecified subgroup analyses reported in the IMPROVE-IT, no interaction in treatment effect was observed across three categories of CrCl: ,60, 60-89, and $90 ml/min. For our study, we instead assessed kidney function using GFR estimated by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation, which is a putatively better estimator of kidney function, 31 and we examined for a treatment effect across the entire range of kidney function rather than three fixed categories of CrCl. Given that our analyses were post hoc, they should be considered hypothesis forming and must be interpreted cautiously because they are subject to several inherent limitations, and although we did not observe differential study dropout by eGFR and treatment, unobserved biases (e.g., allocation or selection bias) may still be present. Additionally, although our study may expand the findings of the SHARP trial for individuals with moderate reductions in eGFR (30-60 ml/min per 1.73 m 2 ), important differences remain. The IMPROVE-IT excluded individuals with CrCl,30 ml/min, incorporated higher doses of simvastatin, and included a study population with known coronary artery disease. Therefore, it remains unknown whether ezetimibe confers additional benefit over simvastatin monotherapy in individuals with more advanced CKD or individuals without known coronary artery disease. Likewise, we had no assessment of proteinuria, which limits our ability to draw conclusions about the effectiveness of these treatments for early-stage proteinuric kidney disease. With respect to safety, the SHARP trial showed that ezetimibe 10 mg plus simvastatin 20 mg can be safely used in individuals with moderate to severe reductions in kidney function. 14 Consistent with these findings, our study suggests that combination therapy with ezetimibe plus simvastatin at higher doses (40 or 80 mg) can be safely used for individuals with moderately reduced kidney function; however, caution must still be applied, because these findings do not extend to individuals with severe reductions in eGFR (,30 ml/min per 1.73 m 2 ). Finally, with respect to secondary and tertiary end points, we observed a trend toward benefit from combination therapy, but the overall treatment effects were not statistically different between the arms. The IMPROVE-IT was not powered to detect a difference in end points by level of eGFR; therefore, caution must be applied when interpreting these findings.
In conclusion, in stable individuals with prior ACS and LDL cholesterol levels within guideline recommendations, combination therapy with ezetimibe plus simvastatin seemed to be more effective than simvastatin monotherapy in reducing death from cardiovascular disease, major coronary events, or nonfatal stroke at moderately reduced levels of kidney function. The difference in treatment effect was observed as eGFR declined below 75 ml/min per 1.73 m 2 , and the benefit of combination therapy seemed to be most pronounced at eGFR levels #60 ml/min per 1.73 m 2 . Further studies examining the benefits of combination lipid-lowering therapy in individuals with CKD are needed, especially among those with more severe reductions in eGFR.
CONCISE METHODS
Study Design and Patient Population
The study design and primary results of the IMPROVE-IT have been previously published. 17, 32, 33 In brief, men and women $50 years old were eligible for inclusion if they had been hospitalized and stabilized within the preceding 10 days for an ACS defined as acute MI with or without electrocardiographic ST-segment elevation or high-risk unstable angina. Additionally, eligible individuals were required to have an LDL cholesterol level between 50 mg/dl (1.3 mmol/L) and 125 mg/dl (3.2 mmol/L) if not receiving lipid-lowering therapy or between 50 mg/dl (1.3 mmol/L) and 100 mg/dl (2.6 mmol/L) if receiving lipid-lowering therapy. Because of a lack of safety data for higher simvastatin doses at the start of the IMPROVE-IT, individuals with a CrCl,30 ml/min estimated by the Cockcroft-Gault equation or who had received dialysis within the previous 30 days were excluded. Individuals whose CrCl fell below 30 ml/min during followup were subject to discontinuation of therapy. Between 2005 and 2010, a total of 18,144 individuals from 39 countries were randomized to receive, in a double-blinded method, either placebo plus simvastatin 40 mg once daily or combination ezetimibe 10 mg plus simvastatin 40 mg once daily. Both therapies were given in addition to standard ACS therapy, and simvastatin dose was increased to 80 mg in each arm if consecutive measures of LDL cholesterol were .79 mg/dl (2.0 mmol/L).
Individuals were followed up at 30 days, 4 months, and every 4 months thereafter. The primary end point was a composite of death from cardiovascular disease, a major coronary event (nonfatal MI, unstable angina requiring hospitalization, or coronary revascularization occurring $30 days after randomization), or nonfatal stroke. For this analysis, we also prespecified as outcomes of interest the secondary and tertiary study end points of (1) all-cause mortality, major coronary event, or nonfatal stroke; (2) death from cardiovascular disease, nonfatal MI, or nonfatal stroke; and (3) all-cause mortality. Treatment-blinded independent clinical events committees adjudicated all adverse safety events of special interest (elevations of AST or ALT, myalgias, myopathy, rhabdomyolysis with or without kidney dysfunction, and gallbladder-related events) and the components of the primary and secondary end points, except for revascularization.
Assessment of Kidney Function
We estimated GFR using the CKD-EPI equation 34 on the basis of serum creatinine at the time of the qualifying event. For categorical analyses, we classified individuals by level of eGFR (,45, 45-59, 60-89, or $90 ml/min per 1.73 m 2 ) to correspond with the Kidney Disease Improving Global Outcomes guidelines. 35 
Statistical Analyses
We conducted a post hoc investigation for an interaction between baseline eGFR and treatment arm with respect to the clinical end points. All data were analyzed using SAS software, version 9.4 (SAS Institute, Cary, NC). Baseline data were summarized by counts and percentages, means and SDs, or medians and interquartile ranges. For the primary composite end point, we performed Kaplan-Meier analyses stratified by treatment arm and eGFR categories to examine differences in event rates over 7 years of follow-up. To investigate the association between eGFR and clinical end points, we used Cox proportional hazards models, in which we used piecewise linear splines for eGFR to test for an interaction between eGFR and treatment arm and construct HRs. Because eGFR was treated as a continuous variable in these models, we calculated HRs for eGFR point estimates in prespecified 15-ml/min per 1.73 m 2 increments (45, 60, 75, 90, and 105 ml/min per 1.73 m 2 ). To account for varying follow-up time, we calculated the NNT using the Kaplan-Meier event rates rather than raw incidence rates. Unadjusted models included linear splines for eGFR, treatment, and eGFR by treatment interaction terms. For graphical display, we used restricted cubic splines for eGFR to show the univariable relationship to each outcome for each treatment arm, and Figure 1 shows predicted event rates at 7 years of follow-up. The adjusted models included the same components along with the following covariates: age, sex, race, weight, family history of coronary artery disease, diabetes, hypertension, smoking status, history of angina, prior MI, prior percutaneous coronary intervention, prior coronary artery bypass graft, history of peripheral artery disease, prior stroke, prior congestive heart failure, percutaneous coronary intervention or catheterization at qualifying event, prior atrial fibrillation, baseline Killip class, systolic BP, heart rate, baseline medications (b-blockers, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, aspirin, or statin therapy), geographic region, qualifying event diagnosis, electrocardiographic changes (transient STelevation, ST depression, and T-wave changes), hemoglobin at randomization, and baseline LDL, HDL, and triglycerides at time of qualifying event. Missing baseline data were imputed for all models both adjusted and unadjusted. With respect to the eGFR by treatment interactions, P values ,0.05 were considered significant.
To examine the relationships between baseline eGFR and changes in lipid values at 1 year, linear modeling was performed. For all lipid models, covariates included randomized treatment arm, eGFR category at the time of qualifying event, and an interaction term between eGFR and treatment. We summarized incidence rates for adverse events of special interest, including elevations of AST or ALT, myalgias, myopathy, rhabdomyolysis with or without kidney dysfunction, and gallbladder-related events, stratified by treatment arm and eGFR category, and we used Cox proportional hazards models for eGFR to test for an interaction between eGFR and treatment arm with respect to gallbladder-related events, AST or ALT elevations greater than or equal to three times the upper limit of normal, or severe muscle-related events. To investigate the effect of treatment on change in eGFR over time, longitudinal modeling was used. Covariates in the model included randomized treatment, eGFR at the time of qualifying event, and visit period for on-treatment eGFR values.
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